Rogeaulito is a world energy model for scenario building developed by the European think tank The Shift Project. It's a tool to explore world energy choices from a very long-term and systematic perspective. As a key feature and novelty it computes energy supply and demand independently from each other revealing potentially missing energy supply by 2100. It is further simple to use, didactic, and open source. As such, it targets a broad user group and advocates for reproducibility and transparency in scenario modeling as well as model-based learning. Rogeaulito applies an engineering approach using disaggregated data in a spreadsheet model.
INTRODUCTION
Since the 1970s energy crisis, a series of unforeseen and highly visible events have brought energy issues again to the forefront of attention. These occurrences include geopolitical conflicts in the Middle East in the aftermath of the September 11 attacks, the BP oil spill in the Gulf of Mexico in 2010, a more difficult investment environment for energy infrastructure projects due to the ongoing financial crisis as well as the Fukushima Daiichi nuclear disaster in Japan in 2011. The latter led to a permanent closure of eight nuclear power plants in Germany, revisions of nuclear policies in Switzerland and Italy and an EU-wide stress test for nuclear power plants.
These events were coupled with more gradual systemic developments that have been taking place during the last two decades influencing world energy commodity markets and prices. These include climate change, fears about long-term oil capacity shortages, significant economic growth in Brazil, Russia, India, and China and the discovery and exploitation of non-conventional fossil fuels in North America.
While some of these occurrences and developments shed light on the current energy system's performance, they also point to the need for better world energy system analysis and for reconsidering alternative pathways to "business as usual." New forms of world energy scenario analysis are necessary to inform policy and decision-makers in a transparent, simple, and didactic way about potential uncertainty factors constraining world energy supply, main drivers affecting energy demand, and the dynamics of supply demand match in the mid and long-term. Finally, it would make them aware of underlying assumptions and how these can impact energy scenarios as well as the complex interdependencies, ideally including energy-environment and energy-economy links leading to better decision-making.
In this paper we present the Rogeaulito world energy scenario model, a free 1 and open source tool designed to explore world energy choices with a very long-term and systematic perspective. It is a simple and transparent engineering spreadsheet model using disaggregated data and was developed by the European notfor-profit think tank The Shift Project. The Shift Project aims to promote a sustainable economy by guiding the decision-making processes of companies and public institutions through formulation and presentation of innovative and appropriate proposals built on scientific facts.
Rogeaulito's objective is to provide energy-related information in order to help shaping policy decisions. It solves the widespread contradiction observed in the literature between two methods: first, designing energy scenarios based on demand, and for which the required energy supply is determined. The underlying reasoning here is that when prices rise, it is possible to access more fuel resources and therefore provide it to consumers. Second, designing scenarios based on the acknowledgment of the imminent supply constraint, adapting accordingly the demand. In order to reconcile these two apparently contradictory viewpoints, Rogeaulito computes supply and demand independently from each other on the basis of distinct computations. As a result, it reveals a potentially missing energy supply (MES) between today and 2100. This paper consists of three sections. In the first section, we will briefly locate Rogeaulito in the landscape of energy models and then discuss the rationale of its key features. We will then describe the functioning of the tool in further detail and how the modeling process is operated. Finally, we will present potential uses and briefly sketch elements for effective use of Rogeaulito in public policy-making.
ROGEAULITO IN THE ENERGY MODEL TAXONOMY AND RATIONALE OF KEY FEATURES
Scenario-planning, emerged as a tool for leaders to allow storytelling about a variety of plausible long-term future occurrences or pathways in changing and uncertain environments (Chermack et al., 2001) . In simple terms, a scenario (also called "narrative") is a "set of illustrative pathways" that indicates how "the future may unfold" (Ghanadan and Koomey, 2005) . Usually an analysis combines an optimistic, a pessimistic, and a most likely scenario, generated in a participatory and interactive process. Another common technique is to identify the two most uncertain driving forces in the technological, social, political, or even economic environment and to plot them on two axes to develop four diverging scenarios each of which having both positive and negative aspects.
Scenario analysis in the energy sector mostly integrates scenarios with the help of an energy system model, which refers to a computer-based "mathematical description [. . .] of a real system and the ways that phenomenon occur within that system" with a focus on energy issues (van Beeck, 1999 ). The energy system models are "formulated using theoretical and analytical methods from several disciplines, including engineering, economics, operations research, and management-science" (Hoffman and Wood, 1975) . As a consequence, a multitude of approaches, models, and techniques exist for multiple purposes leading to an overwhelming and diverse literature. Since comprehensive reviews of literature have been performed elsewhere (Jebaraj and Iniyan, 2006; Bhattacharyya and Timilsina, 2010; Varum and Melo, 2010) , we will -in the limits of this paper -locate Rogeaulito's approach in the broad range of energy model types.
ROGEAULITO IN THE LANDSCAPE OF ENERGY MODEL TYPES
While all energy models potentially fulfill a decision-support function, each model has its own purpose entailing certain advantages and disadvantages. In the literature, many classifications of energy model types exist (Bahn et al., 2004; e.g., Hourcade et al., 1996; Herbst et al., 2012) . van Beeck (1999) provides a quite comprehensive, literature-based classification along nine model characteristics such as purpose of model, model structure, analytical approach, and data requirements. Beeck (1999) .
The purpose of an energy model refers to the type of scenarios that are built with the model. One can distinguish forecasting, exploring, backcasting scenarios, which reflect three ways of thinking, namely "probable, possible, and preferable," or in other terms "what will happen," "what can happen," and "what shall happen." Börjeson et al. (2006) further refines this typology by creating subgroups. For example, backcasting scenarios can either transform current system structures or optimize them by using quantitative models such as TIMES/MARKAL (Seebregts et al., 2001) or MES-SAGE (Messner and Strubegger, 1995) or qualitative models such as regional planning. Similarly, explorative scenarios both include scenarios on external factors beyond the relevant actor's control (Randall and Wood, 2007) and strategic scenarios, incorporating policy measures at the hand of the user to cope with the issue at stake.
While Rogeaulito is a tool, which -a priori -does allow developing forecast, explorative, and backcasting scenarios, it does not do so by itself but leaves much of the work of variable setting as well as the matching of demand and supply to the user. The user-centered approach is mainly due to the slightly different main purpose of Rogeaulito, which is to reduce overconfidence in certain assumed energy futures as part of the macro-economic environment of countries and companies and send out early warning signals by revealing potentially MES in the long-term (see "Rogeaulito in the Energy Model Taxonomy and Rationale of Key Features" and "Modeling Principle of Rogeaulito" for more details on key feature and usages).
The terms "top-down" and "bottom-up" are analytical approaches and shorthand for aggregated and disaggregated models of demand and supply (Markandya and Halsnaes, 2001) . While the former are typically developed by economists based on economic indices of prices and elasticities exploring macro-economic effects of a certain type of policy often using econometric methods, the latter are typically developed by engineers based on detailed descriptions of end-use and production technologies and cost structures (physical accounting). In addition to the inclusion of cost assessments, Rogeaulito possesses most of the advantages of a bottom-up model. For example, it allows exploring potential gains in efficiency from specific supply technologies and technological cost-optimization strategies. The lack of macro-economic behavioral feed-backs due to the exclusion of price mechanisms in the model structure makes Rogeaulito better suited to long-term "what-if " simulation analyses rather than to prediction (Hourcade et al., 1996) . Furthermore, it is more effective in assessing the role of technological evolution to achieve a low-carbon economy. In the past years, hybrid models have tried to integrate bottom-up and top-down approaches and the distinction has become more and more blurred (Böhringer and Rutherford, 2008; Catenazzi, 2009; Sassi et al., 2010; Proença and St. Aubyn, 2013) .
The analytical approach is closely linked to the degree of endogenization, which refers to the degree of incorporation of parameters within the model structure "so as to minimize the number of exogenous parameters" (van Beeck, 1999) . While top-down approaches have a high degree of endogenization and are usually used for (short-term) forecasts, bottom-up engineering tools like Rogeaulito have a very low degree of endogenization and are usually used for "what-if " scenario development. Rogeaulito not only leaves the setting of many macro-variables, such as economic growth or ultimate recoverable fossil energy resources to the user, he or she can also describe the future values of variables in terms of evolution parameter and shape of the scenario curves.
All of this is done by means of a Excel spreadsheet (Grubb et al., 1993; Hourcade et al., 1996) , a standard office software which is widely used and freely available in the OpenOffice version (cf. http://www.openoffice.org). While the term spreadsheet is also sometimes used to refer to modeling software packages, Rogeaulito is more like a "tool box," which includes a "reference model that can easily be modified according to individual needs" (van Beeck, 1999) .
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RATIONALE OF KEY FEATURES
Rogeaulito was developed to address two major shortcomings observed in world energy scenario modeling literature. These are the ideologically or politically motivated matching of energy supply to demand in energy scenarios and the high degree of opacity and irreproducibility of many underlying energy models.
Matching very long-term supply and demand: Neo-classicists vs. Neo-Malthusians
In practice, scenarios often begin by modeling demand and match it with the necessary level of supply possibly using prices as an adjustment mechanism. This may often be on the basis of socioeconomic considerations or aspirations, in particular the right of countries to develop (cf. United Nations General Assembly resolution 41/128). Examples of this common practice can be found in the World Energy Outlook (IEA, 2012a) using the World Energy Model for a time horizon until 2035 or in Sambo (2008) , who describes teaching methods of the International Atomic Energy Agency (IAEA) applying IAED energy models MAED and MES-SAGE as energy demand and supply models on a national scale over a 30-year-period. While this approach is widely applied, it may be less useful for a longer time horizon due to the finiteness of fossil fuel-based energy supply in the long-term. In essence, the modeling practice is contested theoretically by the long-standing debate between Neo-classicists and NeoMalthusians on the scarcity of natural sources and the question to what extent free market and growth do resolve or aggravate this universal problem. While Neo-classicists (e.g., Walras, 1954) argue that high prices of scare resources lead to the substitution of other, less scarce resources in production, more efficient operations and use capital, technological innovations, increase of technically and economically recoverable resources (Matthaei, 1984; Grubb et al., 1993 ) and eventually a de-coupling of economic activity and resource consumption (Cleveland et al., 1984) , as it happened in the case of energy in high income countries after the energy crisis since the 1970s (e.g., Huang et al., 2008) NeoMalthusians contest this view. Although Neo-Malthusians, based on the work of Thomas Robert Malthus (1766-1834), agree that natural resources, as physical goods, are inherently scarce by definition (Boulding, 1966; Barnett and Morse, 1967) , they discover a problem in the exponential growth in population and consumption levels, which are not in congruence with the arithmetical (if at all) growth of natural resources leading to "Limits to growth" (Meadows et al., 1972) or bell-shaped petroleum production curves (Hubbert, 1956) . In their argumentation, Neo-Malthusians often support their paradigm additionally by the Second Law of Thermodynamics pointing out that matter/energy moves from low entropy to high entropy, while low entropy material is scarce (Georgesçu-Roegen, 1971; Rifkin and Howard, 1980) . Today, the debate and its consequences on the modeling practice appears to be more acute than ever (cf. Krautkraemer, 2005) . While the recently observed stagnant world oil production in the face of persistent and large oil price increases supports the NeoMalthusian view, Neo-classicists gain support from the discovery of non-conventional fossil fuels such as tar sands or shale gas in North America (Maugeri, 2012) and refer to the increasing use and potential of renewable energy in global power generation and beyond (McCrone et al., 2013) . The topic has also entered the policy arena and is more and more discussed independently from the climate-change debate. For example, both the famous Hirsch report in the United States (Hirsch et al., 2006 ) and a recent study www.frontiersin.org by the IMF assess the social, economic, and political consequences of peak oil (Kumhof and Muir, 2012) .
Matching long-term energy supply to demand and vice-versa thus largely depends on the underlying economic approach in the modeling process and the respective assumptions made in the formalization of the demand and supply side of the world energy system. Against this background, Rogeaulito proposes a neutral and distinct modeling of energy demand and supply. It describes physical variables on the energy supply side subject to constraints (in terms of extractable stocks of fossil fuels and uranium, areas available for biomass cultivation, etc.), a primary energy demand from the "consumer-driven" point of view (derived from the final demand of vehicles, buildings, etc., average consumption per unit and all extrapolated over time) and makes potential long-term missing energy supplies visual and transparent (as for an example using the above-mentioned approach, with a focus on the aviation sector, see Nygren et al., 2009 ).
Reproducibility, transparency, and learning
In addition to the formal modeling approach, Rogeaulito tries to address repeated calls from the broader scientific community (Schwab et al., 2000; Barnes, 2010; Stodden, 2010; Hanson et al., 2011; Peng, 2011; Ince et al., 2012) and from the science-policy interface (European Commission, 2011; International Council for Science, 2011) to make model source code and data of energy model runs publicly accessible. These calls are based on the scientific goal to increase transparency and reproducibility, which would ultimately allow verifying externally results of energy models. Verification represents "the process of review that ensures that the data are error-free, assumptions are discoverable, and the mathematical model operating on the data produces the intended result" (DeCarolis et al., 2012) . Moreover, reproducibility lends credibility to the intellectual effort, opens the possibility of learning about the model structure (assumptions, cause-effects, etc.) and a precondition of scientific progress. This goes mostly along with a low degree of complexity, as simple models are easier to understand, persuasive, and more amenable to peer review of underlying data and assumptions (Craig et al., 2002; Laine et al., 2007) .
The issues of open source and simplicity are closely related to issues of learning as a wide range of decision-support functions are attributed to energy models. In particular, they have an important cognitive function by allowing analysts and decision-makers to explore elements in the system that the model tries to represent. This gives rise to a so called model-based reasoning (Frigg and Hartmann, 2009 ). Hughes (1997) hypothesizes on this process in further detail: elements of the physical world are represented by elements of the model leading us to demonstrate theoretical conclusions and interpretations if we are to make predictions. It is evident that such benefits are particularly pronounced if the energy model is accessible, transparent, and easy to use.
Although the possibility of reproduction and verification of model results by external parties constitutes an essential part of the scientific method, it is rare practice in the field of energy modeling so far. Only very few (but very visible and largely cited) open source energy models exist such as the integrated assessment model DICE (Nordhaus and Boyer, 2000) , or AIM (Kainuma et al., 1999) , an integrated energy model, which was developed mainly to examine global warming response measures in the Asian-Pacific region. Besides open source code and date, these software packages are also license-free, non-commercial, and give permission to redistribute. This rather broad understanding of open source is based on DeCarolis et al. (2012) .
Rogeaulito addresses these issues by being publicly available and providing cost-free access to the spreadsheet model. Furthermore, the model can be freely redistributed and a how-to-use-guide and a technical model description are made available (see text footnote 1). Finally, as a disaggregated bottom-up model, it opens up the black box inherent to economic models providing a transparent view on the influence of variables on the final result. The independent modeling of supply and demand without price mechanisms and economic loops helps clarify and simplify the fields. Rogeaulito is a model, which is relatively easy to use as it comes in a Microsoft Excel spreadsheet format and with a user-friendly design.
All of this reflects Rogeaulito's philosophy, which is simplifying the model and putting it into the user-driven setting of the different variables to describe energy demand, supply, and conversion. This triggers learning and exchange toward a better understanding of sub-sectors and variables of the demand, supply, and conversion sectors in an energy system. The user learns also about the link between the assumptions made and the results and handling of a model in general. Most significant variables likely to shape the future energy demand and supply need to be identified and described. This learning opportunity may be particularly meaningful when the modeling process is reiterated. This can happen when the tool reveals that supply does not match demand in the long-term. As a consequence, the user may have to revise his or her assumptions and choices on the future energy system by exploring upper scenarios of supply and lower scenarios of demand and the particular roles of policy measures, instruments, and technology.
MODELING PRINCIPLE OF ROGEAULITO
As for now, Rogeaulito is designed for modeling energy scenarios at a global level and with a time range from 2010 to 2100. The description of all variables is made on a yearly interval basis. To define a starting point of variable size before scenarios are developed, the model uses historical data from the widely used IEA energy balance database (IEA, 2012b) . In Rogeaulito, historical data covers years from 1990 to 2009. Similarly, historical data for physical variables has been collected from various sources and the physical description data has been consolidated to make them consistent with IEA balances. A physical variable represents a part of the energy system, either on the demand or supply side, such as average fuel consumption per kilometer per vehicle or installed PV capacity. At heart, the modeling process is then done by setting the future evolution of many physical variables through predefined formal mathematical models.
The future evolution is modeled by choosing an evolution type among many possibilities (linear, exponential, gauss curves, sigmoid, etc.) and entering parameters for the curve's function, which already comes with Rogeaulito. This leads to an output for each variable in 2100, which Rogeaulito automatically aggregates through additions and multiplications. For example, the future evolution of car ownership rate (variable) can be set using a linear
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curve (shape) with a growth rate of 1 vehicle per 1000 capita per year (evolution parameter). In the resulting scenario there would then be an increase from 125 vehicles per 1000 capita in 2009 to 217 vehicles per 1000 capita in 2100.
It is obvious that the manual assessment of the future evolution of these variables requires detailed and extensive knowledge from the model user. This applies also to the identification of key variables likely to influence the world energy supply and demand in the next decades. Moreover, there may be "invisible correlations"between the different variables describing the energy system. For instance, steel consumption per capita is somehow related to installed capacity of wind power, as wind turbines are made of steel.
The modeling process is made up of four independent modules, namely the demand, supply, conversion, and core module. The user defines future evolution of variables in each of these modules starting with primary energy supply (energy resources available in nature), then final energy demand (total energy consumed by end users), the conversion of final energy demand into primary energy and eventually matching demand and supply in a reiterated process, if necessary. Figure 1 illustrates this process.
DEMAND MODULE
In the demand module the evolution of the demand in final energy from the different sectors (transports, buildings, etc.) is modeled. A sectorial breakdown of the demand is proposed to allow a purely physical formal description. The sectors considered are Buildings, Industry, Transport, Agriculture and Fishing, and Others and Non-energy Uses. Each sector can be split into several sub-sectors (Table 2) in accordance with IEA (2011). Eventually, demand is described in terms of evolutions of social aspiration (car ownership per capita, residential area per capita, steel consumption per capita, etc.) and of energy efficiencies (car fuel consumption, energy needed per square meter in buildings, energy needed to produce one ton of steel, etc.).
SUPPLY MODULE
The supply module allows modeling of the supply's evolution (expressed in primary energy). Seven major primary energy resources, split into their corresponding sub-resources, are to be set manually under physical considerations ( Table 3) . The purpose is to define the evolution of the energy production of each one of these energy carriers. Three main groups can be distinguished. First, fossil fuels (Oil, Gas, Coal), for which Rogeaulito provides a set of logistic curves to illustrate the typical production profile and the finite aspect of the Ultimate Recoverable Resources (URR) that we can actually extract from the ground. Usually long-term supply curves of fossil fuel resources are bellshaped (Hubbert, 1956) . Second, power plants (Nuclear, Renewables for electricity), whose evolution can be set by indicating the installed capacity, the load factor, and the energy production. Third, other primary energy resources (other renewables, others non-renewable), whose evolution can also be set directly with the energy production.
CONVERSION MODULE
The Conversion Module is a model of the energy sector that stands in between the final demand and the primary energy demand. It makes a link between the two by taking account of the conversion and distribution losses in all extraction, transformation, and transportation units lying in between the primary energy demand and final demand (energy consumed) as well as auto-consumption of the energy sector (Figure 2) . Concretely, the set of variables set in this module are intended to convert a desired final energy demand vector into an equivalent primary energy demand so as to compare it with the primary supply vector within the same referential. The objective of the conversion module is to allow an exploration of the consequences of a variation of these variables on a future modeled energy system. In short, the hypotheses embedded in the conversion module impact the way final energy in the projections is re-converted into primary energy supplies. The two main groups of variables at stake are related to the allocation of energy carriers and the efficiency of their transformations. Rogeaulito allows the external manual setting of the evolution of the conversion efficiencies in transformation units (in power plants, refineries, etc.) and of the origin of each final energy (electricity mix, etc.) as illustrated in greater detail in Table 4 .
CORE
In the final module, the core, a scenario of demand, supply, and conversion is imported from each module. The outputs from the conversion module are used to convert the demand in final energy into an induced demand in primary energy. Then, this induced demand can be compared with the supply and an eventual MES over a time period from 2010 until 2100 (Figure 3) . If the demand does not match supply, the process can be reiterated by adjusting the variable settings in the supply, demand, or conversion module. Primary Energy Yet to be found
FIGURE 3 | Missing energy supply (MES).
By convention, the MES cannot be inferior to zero. In case MES is inferior to zero, it is automatically set to zero.
USAGES AND EFFECTIVENESS
Apart from educational benefits outlined in the first section and having a reference scenario for the future, the literature attributes a number of theoretical and cognitive benefits to the use of the energy scenario method and scenario tools like Rogeaulito. For example, the scenario method can help planners make better sense of their external environment, spot early warning signals, reduce overconfidence in one particular future and refine perceptions of existing or emerging problems and corresponding problem-solving strategies. When the scenario method is used in combination of participatory methods to generate and collect ideas, knowledge, and views regarding possible futures, it can also help out conflicts between stakeholders, mobilize action, and trigger organizational and institutional change (Lempert et al., 2003; Volkery and Ribeiro, 2009) .
While Rogeaulito does not exert influence on the process of scenario development, the tool intends to fulfill all planning-related functions. It thus sensitizes planners to think about the long-term evolution of the world energy system by ringing an early bell concerning wrong assumptions and perceptions of the future through revelation of potentially missing energy. Furthermore, it allows assessing the effects of technology-related changes on the energy system (as part of problem-solving strategies) as well as testing other scenarios from other studies. However, the benefits of these usages are only fully reaped if the results of the tool are appropriately absorbed by the institutional capacities and translated into the strategy of the user's organization.
USAGES
Revealing missing energy supply and matching energy supply and demand
To make use of the tool's key feature, reference scenarios of demand and supply are developed independently from each other. In case this reveals a MES, a second step can be enchained, as part of which the user adjusts assumptions and variable sizes in the variables setting until demand and supply match. In addition, the user may not only want to find any match but identify the "best match" of all possible combinations. Such "best match" would take account of technological potentials and limits on the supply side (for example of renewable energies), the social and political acceptance of consumption cuts, certain technology, and energy preferences (while costs remain outside of the tool's scope), politics and institutions and any further variables that deem relevant to the user. This step thus resembles the development of a backcasting scenario by finding not only a variable setting but the best one with the highest social and political acceptance, most likely to be implemented.
Revealing counterparts
The Rogeaulito framework enables to reveal the counterparts of the evolution of variables as part of the scenario building.
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By "counterpart" we mean the necessary conditions that make the evolution of a variable possible, which basically follows the "what-if " principle.
There can be two ways of using the counterpart feature. In the first way, the evolution of a variable is directly converted into a physical counterpart, which stands as an output set by the user. For example, biomass for energy requires dedicated land use. By setting the yield variable (MJ/ha/yr) in Rogeaulito the required land use counterpart at base is "automatically" defined. The second way combines the first way and the MES match process described above. For example, to set an increasing car ownership and a fixed distance traveled by car as part of a future evolution description (all that matching with a given fuel production for energy demand for car transportation), the necessary counterpart revealed would be that the average car efficiency has to improve at a certain pace.
More broadly, as there are no built-in loops or feed-backs between variables in the model, the prospective approach in Rogeaulito framework makes you think not only about drivers that are likely to frame the evolution of variables in the system but also on relations between variables (e.g., car fleet evolution is likely to have a link with steel production), which contributes to shaping a critical mindset toward a model.
Assessment of technology-related effects
Finally, as another potential usage, Rogeaulito allows exploring what-if scenarios, either as part of the matching supply and demand process or independently. As outlined above, engineering models such as Rogeaulito are predestinated for exploring technology-related changes from a long-term perspective. Typical questions to explore could revolve around effects of certain technology-related measures on energy supply or demand such as the improvement of car efficiency or refurbishment of buildings or the increase of efficiency of photovoltaic solar panels or development and extraction of shale gas in Europe.
ELEMENTS FOR EFFECTIVE USE IN PUBLIC POLICY-MAKING
Although there is much acclaim of the usefulness of the scenario method in the planning process, its impact and the factors governing its effectiveness remain largely an empirical question. While some work has been carried out on evaluating the predictive power of energy forecasts, with mixed results (Bentzen and Linderoth, 2001; Craig et al., 2002) , and on recording the number of runs of certain energy-climate models and scenarios (Nakicenovic and Swart, 2000; Hanaoka et al., 2006) such work has a different evaluative focus and does not identify the factors leading to an effective use of scenarios.
While Rogeaulito can be used quite flexibly, its main purpose is -besides educative purposes -to reduce overconfidence in certain long-term energy futures and provide early warning indicators signaling a shift toward a certain kind of future and narrowing down uncertainties in the macro environment. It makes aware of potential adjustment needs and stimulates the development of new plans, strategies, and policies. As such, Rogeaulito's effectiveness depends on how much users translate the results of the analyzed scenarios into energy-related strategies in their private or public policy organization. Much of this depends on the capacity of the organization to absorb these results. Unfortunately, the number of studies examining such questions empirically is very low.
In a major attempt Volkery and Ribeiro summarized 52 sources of the still nascent evaluative scenario literature and cross-checked their preliminary findings with results from a scenario practitioners and policy-makers workshop. Although there are only a handful of studies examining the impact of scenario building on an organization's performance empirically, some broad lines can be set. The authors confirm that scenario-planning can lead to effective outcomes in terms of individual learning while learning usually requires a longer time when the results question core belief systems of relevant actors (Sabatier, 1988) . This points to the importance of participation in the scenario development phase as participation creates not only consensus but also trust in sources and scenario developers, which is a critical factor for making organizational actors implement them (Ketokivi and Castañer, 2004) . This stands in contrast with government practices, as they often outsource forward-looking analysis. Moreover, scenario-planning in the public sector differs to scenario-planning in the private sector in the heterogeneous nature of objectives and interests of governments and the lack of one single client. Policy-makers also have different time horizons than scenario planners and very different attention foci as they tend to follow established routines. These factors make scenario-planning in the public sector difficult and policy-makers tend to execute scenarios in a rather ad hoc and isolated manner and as indirect decision-support in early phases of the policy cycle such as agenda-setting and issue-framing (Volkery and Ribeiro, 2009 ).
On the basis of these insights, several elements are and can be identified for the effective use of Rogeaulito. First, the tool has real potential to contribute to the improvement of learning processes of individuals or groups. In addition, Varum and Melo (2010) find a consensus in the literature that the use of the scenario method leads to an improvement of the decision-making process and the identification of new issues and problems, which an organization may have to face in the future. Second, the inclusion of potentially relevant actors for the policy design and implementing phase during the scenario development process is as important as the scenario product itself. This requires some preliminary knowledge about which institutions and politics could potentially hinder or facilitate certain paths (Nilsson et al., 2011) . The heterogeneous interests and objectives of these institutional actors require flexible and adaptive scenario formats and processes (Volkery and Ribeiro, 2009) . In order to "translate" qualitative data from the participatory process into quantitative modeling input, Walz et al. (2007) consider the detailed documentation of this process a "crucial step." This in turn points indirectly to the important role of the scenario modeler in the process. Third, in case the tool shall be used in public policy-making its decision-support may be most effective in early phases of the policy cycle such as issue-framing and agenda-setting, as they are less formalized. Finally, in the absence of stable institutional settings and organizational capacities to absorb the results of the scenario studies (e.g., through regular governmental foresight studies), a minimum of governance conditions for scenario-planning need to be ensured. This entails at least a follow-up as well as a clear role and purpose of the scenario study within the decision-making process (Volkery and Ribeiro, 2009 
CONCLUSION
An ever increasing unpredictability in the world energy system and unsustainable uses of energy shed light to the need for reconsidering alternative pathways to "business as usual" and new forms of world energy system analysis. Rogeaulito is a world energy scenario model, a simple, didactic, and user-driven open source tool, which computes supply and demand on the basis of distinct computations revealing potential missing energy supply until 2100. By doing so, the tool aims to reduce overconfidence in certain energy futures as part of the macro-economic environment of countries and companies and sends out early warning signals. As such, it may serve as a learning platform on the global energy system and, we hope, spur interest in the decision-making field.
In its current state of development, the model now deserves further refinement and the development of a cost module to allow the evaluation of investment costs and optimization of scenarios. Such global scenarios have already been developed and translated into model outputs and will be described further at a later stage. Moreover, a geographical refinement of the tool will allow differentiating and comparing the evolution of various world regions or countries with each other.
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